1. Introduction {#sec1}
===============

Inflammation is a complex biological response to various internal and external stresses such as pathogens or irritants, and an immune response of host to defend harmful invader involving various molecular mediators such as cytokines and chemokines \[[@B1]\]. It is well known that the inflammatory response is necessary for the host to eliminate exogenous microorganisms. However, as a double-edged sword, the immune responses either clear invaders or cause excessive inflammation. In recent years, accumulating evidence has indicated that overactivation of immune cell and uncontrolled release of cytokines and chemokines, also known as cytokine storm, will contribute to the host excessive immune response and tissue damage, subsequently causing systemic inflammatory response syndrome (SIRS) to deteriorate into sepsis, septic shock, and death \[[@B2], [@B3]\].

Autophagy is a key catabolic process to degrade intracellular large targets, including damaged protein aggregates, invading microorganisms, and disused organelles \[[@B4]\]. And it also functions as an innate and adaptive immune response for host to defend against harmful stress and maintain cellar homeostasis \[[@B5]\]. Recent study indicates that a large number of cytokines, such as interleukin- (IL-) 1*β* and IL-18, are produced in LPS-stimulated *Atg16L1*-deficient cells \[[@B6]\]. Similarly, the individuals with autophagy defects increase proinflammatory cytokine IL-1*β* production after microbial triggering, causing excessive gut inflammation in patients with Crohn\'s disease \[[@B7]\]. Conversely, autophagy activation inhibits the production of proinflammatory cytokine such as IL-1*β* \[[@B8]\] and IL-6 \[[@B9]\], which means that autophagy is likely to play a key role in regulating immune response and controlling excessive inflammation \[[@B10], [@B11]\].

Minocycline, a derivative of tetracycline, is a broad-spectrum antibacterial and can be used against various microorganisms including both gram-positive and gram-negative bacteria. The antibacterial properties of minocycline are mainly due to its ability of binding to 30S ribosome subunit of bacteria and inhibiting protein synthesis. In recent years, accumulating evidence has showed that minocycline has immunomodulatory effects beyond its essential antimicrobial activity, including anti-inflammatory and apoptotic activity and neuroprotection \[[@B12], [@B13]\]. Our previous study revealed that minocycline downregulated production of cytokines and chemokines via multiple signaling pathways, while IKK/NF-*κ*B might be the dominant pathway in LPS-stimulated THP-1 cells \[[@B14]\]. Additionally, more recent studies have found that minocycline can also induce autophagy, exerting neuroprotective effect \[[@B15]\] and inhibiting tumor growth \[[@B16]\]. Interestingly, minocycline has also been reported to inhibit autophagy, leading to inhibition of inflammation and dengue virus (DENV) replication \[[@B17], [@B18]\]. These findings suggest that the regulation of minocycline on autophagy might be cell type-dependent. Since autophagy is closely related to inflammation and immunity \[[@B10]\], it can be suggested that autophagy may be involved in the process of minocycline regulating inflammation and immune response. However, the precise mechanism remains unknown.

In this study, we reported that minocycline inhibited mTOR, induced autophagy, and suppressed cell proliferation in LPS-stimulated THP-1 cells. And there was an intimate crosstalk between two major stress response pathways (IKK/NF-*κ*B signaling pathway and autophagy) in modification of inflammatory responses. Our findings provided an initial evidence for minocycline as a potential therapeutic agent on excessive inflammatory disease such as sepsis.

2. Methods {#sec2}
==========

2.1. Materials {#sec2.1}
--------------

LPS from *Pseudomonas aeruginosa* serotype 10, minocycline, rapamycin, BAY 11-7082, and chloroquine (CQ) diphosphate were purchased from Sigma-Aldrich Chemical Company (St. Louis, MO, USA). LPS was dissolved in nanopure water as 1 mg/ml stock solution and stored at -20°C. Rapamycin was diluted in dimethyl sulfoxide (DMSO) as 10 mM stock solution. The other agents were dissolved with nanopure water as 10 mg/ml stock solution. Infliximab (Remicade™) in a 100 mg vial was obtained from a pharmaceutical supplier and dissolved in nanopure water prior to use.

2.2. THP-1 Cell Culture and Drug Treatment {#sec2.2}
------------------------------------------

The human monocytic leukemia THP-1 cell line was obtained from the RIKEN Cell Bank (Wako, Japan). Cells were grown in RPMI-1640 medium containing 10% fetal bovine serum under a humidified atmosphere at 37°C in 5% CO~2~. THP-1 cells (2 × 10^5^ cells/ml) added with 1 *μ*g/ml LPS were incubated with (1-100) *μ*g/ml of minocycline for the indicated time. Supernatants were collected to measure cytokine production. THP-1 cells (5 × 10^5^ cells/ml) added with 1 *μ*g/ml LPS followed with 50 *μ*g/ml of minocycline were incubated for the indicated time. Cells (5 × 10^5^ cells/ml) were preincubated with 5 *μ*m BAY11-7082 or 20 *μ*m CQ for 1 h followed with 1 *μ*g/ml LPS and 50 *μ*g/ml minocycline for the indicated time. Cell pellets were collected for western blot analysis.

2.3. ELISA Assay {#sec2.3}
----------------

Enzyme-linked immunosorbent assay (ELISA) kits for assessment of cytokine TNF-*α* and chemokine IL-8 were purchased from Invitrogen (Camerio, CA, USA). The concentration of TNF-*α* and IL-8 in the supernatants was determined by ELISA as previously described \[[@B14]\]. Samples were operated in triplicate, and the optical density was measured at 450 nm using an ELISA reader (SPECTRAmax M5; Tokyo, Japan).

2.4. Western Blotting Assay {#sec2.4}
---------------------------

Proteins were obtained from pretreated THP-1 cells (5 × 10^5^ cells/ml) using RIPA lysis buffer (Wako Pure Chemical, Osaka, Japan) with protease inhibitor cocktail tablets (Sigma Chemical, Germany). The protein concentration was measured by Bradford Assay (Bio-Rad, CA, USA). Equal amounts of 40 *μ*g proteins from cell lysates were loaded on a 7.5%\~15% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) (Mini-PROTEANTGX; Bio-Rad Laboratories, CA, USA) and transferred to a polyvinylidene difluoride (PVDF) membrane. The membrane was blocked in 5% nonfat milk for 1 h at room temperature and then incubated overnight at 4°C with the following 1/1000-diluted primary antibodies: rabbit polyclonal anti-NF-*κ*B and phospho-NF-*κ*B, rabbit polyclonal anti-microtubule-associated protein 1 light chain 3B (LC3B) (\#2775), rabbit polyclonal anti-phospho-mTOR (Ser2448, \#2791) (Cell Signaling Technology, Beverly, MA, USA), and rabbit polyclonal anti-*β*-actin (Sigma Chemical Company, Germany). The membrane was then washed and incubated with secondary antibody (Sigma Chemical Company, Germany) for 1 h at room temperature. Finally, the protein signal was obtained using Image Quant LAS4000 mini apparatus as previously described \[[@B14]\]. *β*-Actin was probed to normalize protein amounts, and protein expression was expressed as the ratio to *β*-actin. Quantitative assessment of band intensity was performed by ImageJ image analysis software version 1.48 (National Institute of Health, USA).

2.5. WST-1 Cell Proliferation Assay {#sec2.5}
-----------------------------------

For cell proliferation assay, 1 × 10^4^ THP-1 cells were seeded in 96-well cell culture plates at 100 *μ*l per well. After being incubated with or without the indicated drugs for several different time periods under cell culture conditions, 10 *μ*l of WST-1 reagent (Roche Diagnostics, Indianapolis, IN, USA) was added to each well and incubated for 4 h at 37°C. The absorbance was measured at a wavelength of 440 nm by an ELISA reader. Data were presented as a percentage of relative viability to control.

2.6. Statistical Analysis {#sec2.6}
-------------------------

Results were presented as the means ± standard deviation (S.D.) of at least three independent experiments. Comparison between two experimental groups was determined by unpaired Student\'s *t*-test. The intergroup differences of multiple comparisons were assessed by one-way ANOVA followed by the Tukey HSD test. A two-sided *p* value less than 0.05 was considered statistically significant.

3. Results {#sec3}
==========

3.1. Minocycline Inhibits Cytokine Production in LPS-Stimulated THP-1 Cells {#sec3.1}
---------------------------------------------------------------------------

LPS (1 *μ*g/ml) significantly induced TNF-*α* and IL-8 production in THP-1 cells. Minocycline markedly suppressed LPS-induced TNF-*α* or IL-8 production in a dose-dependent manner (Figures [1(a)](#fig1){ref-type="fig"} and [1(b)](#fig1){ref-type="fig"}). After being stimulated with LPS, the production of TNF-*α* and IL-8 increased in a time-dependent manner and reached a peak at 4 h and 12 h, respectively. Minocycline (50 *μ*g/ml) significantly decreased TNF-*α* and IL-8 production in LPS-stimulated THP-1 cells (Figures [1(c)](#fig1){ref-type="fig"} and [1(d)](#fig1){ref-type="fig"}). Treatment with minocycline, within the concentration of (1-50) *μ*g/ml, did not significantly inhibit the cell viability after 24 h (Figures [1(e)](#fig1){ref-type="fig"} and [1(f)](#fig1){ref-type="fig"}).

3.2. LPS-Induced Autophagy Is Mediated by TNF-*α* in THP-1 Cells {#sec3.2}
----------------------------------------------------------------

We determined the effects of LPS and minocycline on the levels of the autophagic marker LC3 by western blotting. The conversion of LC3-I to LC3-II was increased in a dose-dependent manner in LPS-stimulated THP-1 cells (Figures [2(a)](#fig2){ref-type="fig"} and [2(d)](#fig2){ref-type="fig"}). In addition, within 24 h of the cell exposure to LPS, the relative ratio of LC3-II to LC3-I was increased in a time-dependent manner (Figures [2(b)](#fig2){ref-type="fig"} and [2(e)](#fig2){ref-type="fig"}). These data suggest that autophagy induced by LPS is in a dose- and time-dependent manner.

Some researches have reported that TNF-*α* can induce autophagy. To determine whether LPS-induced autophagy is mediated by TNF-*α*, LPS-stimulated THP-1 cells were preincubated with infliximab, a specific mouse-human monoclonal antibody against TNF-*α*. As shown in [Figure 2(c)](#fig2){ref-type="fig"}, infliximab dramatically inhibited autophagy induced by LPS. These results clearly demonstrate that LPS-induced autophagy is mediated by TNF-*α* in THP-1 cells.

3.3. Minocycline Helps to Induce Autophagy Flux in LPS-Stimulated THP-1 Cells {#sec3.3}
-----------------------------------------------------------------------------

To determine whether minocycline can induce autophagy, THP-1 cells were exposed to minocycline in different concentrations. As shown in [Figure 3(a)](#fig3){ref-type="fig"}, the ratio of LC3-II to LC3-I was increased in a dose-dependent manner in Mino-treated THP-1 cells. Within 24 h of the cell exposure to 50 *μ*g/ml minocycline, the conversion of LC3-I to LC3-II was increased in a time-dependent manner. Compared with exposure to LPS only, minocycline significantly increased the level of the conversation of LC3-I to LC3-II (Figures [3(c)](#fig3){ref-type="fig"} and [3(g)](#fig3){ref-type="fig"}). To further confirm the autophagic flux, cells were treated in the absence or presence of CQ, a lysosomotropic alkalinizing agent, to inhibit the fusion of autophagosome with lysosome. As shown in [Figure 3(d)](#fig3){ref-type="fig"}, CQ-treated cells significantly increased the accumulation of LC3-II. Compared with LPS alone, minocycline accelerated to induce autophagy in LPS-stimulated THP-1 cells. These data demonstrate that minocycline potentiates the induction of autophagy flux in LPS-stimulated THP-1 cells.

3.4. LPS-Induced Autophagy via the mTOR-Independent Pathway and Minocycline Causes mTOR Inhibition {#sec3.4}
--------------------------------------------------------------------------------------------------

Autophagy is under direct negative regulation by mTOR protein kinase complex. Accordingly, to investigate whether autophagy induced by LPS and minocycline is via the mTOR signal pathway, we analyzed the phospho-mTOR by western blotting to evaluate the mTOR activity. As shown in Figures [4(a)](#fig4){ref-type="fig"} and [4(b)](#fig4){ref-type="fig"}, compared with control, LPS significantly upregulated mTOR phosphorylation at position Ser2448 after stimulation for 12 h. The data demonstrated that LPS-induced autophagy was associated with the mTOR-independent pathway. On the contrary, compared to LPS only, minocycline significantly inhibited p-mTOR (Figures [4(c)](#fig4){ref-type="fig"} and [4(d)](#fig4){ref-type="fig"}), suggesting that minocycline might induce autophagy via the mTOR-dependent pathway.

3.5. Minocycline Has Cooperative Effect with Rapamycin to Suppress the Release of TNF-*α* and Induce Autophagy by Suppressing mTOR {#sec3.5}
----------------------------------------------------------------------------------------------------------------------------------

To determine whether minocycline has cooperative effect with rapamycin (a classic autophagy inducer) through the inhibition of mTOR on reduction of autophagy and regulation of the production of proinflammatory cytokines, THP-1 cells were preincubated with rapamycin for 1 h after being stimulated by LPS without or with minocycline. As shown in Figures [4(f)](#fig4){ref-type="fig"} and [4(g)](#fig4){ref-type="fig"}, rapamycin accelerated to suppress mTOR and induce autophagy. In addition, compared with minocycline only, rapamycin enhanced the effect of minocycline on suppressing the release of TNF-*α* ([Figure 4(e)](#fig4){ref-type="fig"}). However, the properties of these two agents on cytokine modulation were different. Minocycline showed an effect on the suppression of TNF-*α* more than 12 h after LPS stimulation, but as for rapamycin, the inhibitory effect appeared to be shorter in duration, which was recovered in just 6 h. These results suggest that minocycline has cooperative effect with rapamycin on suppressing TNF-*α* production and inducing autophagy.

3.6. The Interaction between the IKK/NF-*κ*B Pathway and Autophagy Flux in Modification of Inflammation Responses {#sec3.6}
-----------------------------------------------------------------------------------------------------------------

To determine the relationship between the NF-*κ*B pathway and autophagy flux, THP-1 cells were preincubated by BAY 11-7082 (an inhibitor of NF-*κ*B upstream signaling molecule IKK) and then stimulated with LPS. Activation of p-NF-*κ*B and NF-*κ*B was examined by immunoblotting. After being stimulated with LPS for about 60 min, p-NF-*κ*B was activated, whereas the phosphorylation of NF-*κ*B was significantly inhibited (Figures [5(a)](#fig5){ref-type="fig"} and [5(b)](#fig5){ref-type="fig"}). Subsequently, the production of LPS-induced TNF-*α* was almost completely inhibited by BAY 11-7082 ([Figure 5(c)](#fig5){ref-type="fig"}). To test whether BAY 11-7082 has any effect on the induction of autophagy, THP-1 cells were preincubated by BAY 11-7082 after being stimulated with LPS and minocycline. It was shown that BAY 11-7082 significantly inhibited autophagy induced by either LPS or minocycline (Figures [5(d)](#fig5){ref-type="fig"} and [5(e)](#fig5){ref-type="fig"}). These results demonstrated that the IKK/NF-*κ*B signal pathway was associated with LPS- or Mino-induced autophagy. To determine whether autophagy in turn affected the NF-*κ*B inflammatory signaling pathway, THP-1 cells were preincubated by BAY 11-7082 or CQ after being stimulated with LPS. As shown in Figures [5(f)](#fig5){ref-type="fig"} and [5(g)](#fig5){ref-type="fig"}, NF-*κ*B expression was suppressed in cells preincubated by CQ. This result supports that autophagy flux is linked tightly to the NF-*κ*B signaling pathway.

3.7. Minocycline Has Cooperative Effect with Rapamycin on Inhibiting LPS-Stimulated Cell Proliferation in THP-1 Cells {#sec3.7}
---------------------------------------------------------------------------------------------------------------------

To determine the effect of LPS and minocycline on inflammatory cell proliferation, THP-1 cells were treated with different concentrations of LPS or minocycline and the cell proliferation assay was performed. As shown in [Figure 6(a)](#fig6){ref-type="fig"}, compared with control, cells exposed to LPS led to a significant increase in cell proliferation. Concerning minocycline, high concentration of minocycline (\>50 *μ*g/ml) significantly inhibited cell proliferation but low concentration (\<20 *μ*g/ml) did not ([Figure 6(b)](#fig6){ref-type="fig"}). In addition, compared with the cells exposed to LPS alone, treatment with 50 *μ*g/ml minocycline or 5 *μ*m rapamycin significantly inhibited LPS-induced cell proliferation and rapamycin could enhance the inhibitory effect of minocycline (Figures [6(c)](#fig6){ref-type="fig"} and [6(d)](#fig6){ref-type="fig"}). These results suggest that rapamycin has cooperative effect with minocycline on suppressing LPS-induced cell proliferation.

4. Discussion {#sec4}
=============

The human monocytic leukemia THP-1 cell line can differentiate into macrophage-like cells, partially mimicking certain characteristics of native macrophages \[[@B19]\]. As an essential part of the innate immune system, monocyte/macrophage plays a key role in host immune response against microorganisms and in the pathogenesis of sepsis \[[@B20]\]. Gram-negative bacterial infections are the most common pathogens of sepsis in the intensive care unit. LPS, also known as endotoxin, is the major component of the gram-negative bacteria and can bind to Toll-like receptor 4 (TLR4) on the surface of monocyte/macrophage and induce production of a variety of cytokines, such as TNF-*α*, IL-1*β*, IL-6, IL-8 \[[@B1], [@B14]\]. It has been widely reported that LPS can stimulate the THP-1 cell line to release a variety of cytokines and chemokines. Therefore, it has often been applied as the experimental model of bacterial infection for studying the mechanisms of immunity *in vitro*. In the present study, a large number of proinflammatory cytokines were induced by LPS in THP-1 cells. Minocycline effectively inhibited the release of cytokines and exerted an anti-inflammatory effect.

Autophagy is a homeostatic process by which cells digest damaged organelles and recycle the energy. It is highly conserved in the evolution of eukaryotes. As a basic function of cells, autophagy is considered to be the first line for the host to regulate innate immunity and defend exogenous stress. mTOR, a key negative upstream signaling molecule of autophagy, also plays an essential role in mRNA translation, cell proliferation, and differentiation and survival \[[@B21]\]. Studies have shown that mTOR and cell autophagy play an important role in the occurrence of acute lung injury caused by excessive inflammation in sepsis \[[@B8], [@B22], [@B23]\]. However, the precise mechanism has not been elucidated yet. Accumulating evidence has indicated that increasing macrophage autophagy levels can reduce acute lung injury caused by excessive inflammation, and inhibiting mTOR shows protective effects on both lung macrophages and alveolar epithelial cells in sepsis \[[@B6], [@B24]\].

In the present study, we investigated the effects and mechanisms of LPS and minocycline on autophagy in THP-1 cells. LPS-induced autophagy in dose-dependent manner and treatment with minocycline strongly enhanced induced autophagy in THP-1 cells. Although both LPS and minocycline induce autophagy, the mechanisms of the two agents might not be the same. The protein levels of p-mTOR were downregulated by minocycline, suggesting that Mino-induced autophagy was associated with the mTOR-dependent pathway. In contrast, LPS activated p-mTOR, and infliximab, the monoclonal antibody of TNF-*α*, dramatically inhibited autophagy induced by LPS, suggesting that LPS regulates autophagy via both the mTOR pathway and TNF-*α*-mediated manner. Our result is consistent with that of Yuan et al., which reports that LPS-induced autophagy is mediated by TNF-*α* in HL-1 cardiomyocytes \[[@B25]\], Since LPS eventually appeared to induce autophagy, taken together, we believe that the TNF-*α*-mediated pathway may be the dominant pathway in LPS-induced autophagy.

To further clarify the regulatory effect of minocycline on mTOR and autophagy, we compared minocycline with rapamycin, a classic mTOR inhibitor and autophagy inducer, on LPS-stimulated THP-1 cells. Rapamycin was first discovered as an antifungal agent. In 1999, it was approved as an immunosuppressant by the US Food and Drug Administration (FDA) for antirejection therapy in renal allograft \[[@B26]\]. More recently, studies have shown that the characteristics of rapamycin to inhibited mTOR and induced autophagy might be beneficial for the treatment of acute lung injury in sepsis \[[@B27], [@B28]\]. As shown in this study, minocycline has cooperative effect with rapamycin to suppress the release of TNF-*α* and induce autophagy by suppressing mTOR. Compared with rapamycin, minocycline has a stronger and longer-lasting inhibitory effect on cytokine production. We speculate that the similar properties of minocycline and rapamycin on mTOR and autophagy suggest that they may have some similar clinical effects.

As mentioned above, excessively secreted cytokines are a hallmark of cytokine storms, which are considered to be the cause of sepsis. Among the network of pro- and anti-inflammatory, TNF-*α* is thought to be a key cytokine as it can trigger inflammatory cytokine cascade as a principal activator \[[@B29], [@B30]\]. It was reported that low concentrations of TNF-*α* (only 10 pg/ml) can induce septic symptoms. Clinically speaking, serum TNF-*α* levels have been found to correlate with disease severity in septic patients infected with rickettsia, suggesting that TNF-*α* is closely related to the formation of sepsis \[[@B31]\]. But strangely, the results of randomized double-blind controlled trials (RCTs) showed that anticytokine therapy, such as anti-TNF-*α* monoclonal antibody, was not significant in reduction of 28-day mortality in patients with severe sepsis or septic shock \[[@B32], [@B33]\]. Thus, blocking TNF-*α* was not an excellent way to solve the immune imbalance and control inflammation in sepsis patients. Given that TNF-*α* has the ability to induce autophagy, this may act as a negative feedback loop to regulate inflammation induced by TNF-*α*. Therefore, infliximab inhibits autophagy while blocking TNF-*α*, which may be deleterious for host to defend against pathogenic microorganisms, which may also, at least in part, explain the reason for failure of anti-TNF-*α* therapy.

According to our previous studies, minocycline regulates the production of cytokines such as TNF-*α* mainly by inhibiting the IKK/NF-*κ*B signaling pathway \[[@B14]\] to elucidate whether these two major stress-response pathways (NF-*κ*B pathway and autophagy flux) were interacted in modification of inflammatory process. As shown in [Figure 5](#fig5){ref-type="fig"}, the IKK inhibitor, BAY 11-7082, significantly inhibits autophagy induced by either LPS or minocycline. And CQ, the inhibitor of autophagy flux, almost completely suppressed NF-*κ*B expression. Taken together, there might be an intimate crosstalk between the IKK/NF-*κ*B signaling pathway and autophagy flux in modification inflammatory responses. The interactions are described in [Figure 7](#fig7){ref-type="fig"}, which showed that LPS-induced autophagy is mediated by IKK/NF-*κ*B/TNF-*α*. Simultaneously, LPS induces the release of TNF-*α* to trigger inflammation and activates mTOR leading to cell proliferation. Pharmacological inhibition of NF-*κ*B causes autophagy inhibition and vice versa. Importantly, minocycline, which induces autophagy by inhibiting mTOR, inhibits cytokine production and protects THP-1 cells from LPS toxicity. Therefore, treatment with minocycline might be beneficial for sepsis by inhibiting TNF-*α* and inducing autophagy.

In addition, as excessive activation and proliferation of inflammatory cells is another common feature of cytokine storm in sepsis, we further explored the effect of minocycline and rapamycin on cell proliferation in LPS-stimulated THP-1 cells. As shown in [Figure 6](#fig6){ref-type="fig"}, LPS significantly activated cell proliferation, while both minocycline and rapamycin inhibited LPS-stimulated cell proliferation and showed a synergistic effect. Minocycline has been used clinically for over 40 years and proven to be safe and well-tolerated in patients. It has almost complete bioavailability and good tissue penetration, which has a higher drug concentration in lung tissue than in serum. Given that the lung is the most common target organ for sepsis and causes acute lung injury (ALI)/acute respiratory distress syndrome (ARDS), minocycline might have a potential protective effect on ALI/ARDS by inducing autophagy and inhibiting the production of inflammatory cytokines. Further studies, including using septic animal models and the initiation of randomized controlled clinical trials, are needed to elucidate a detailed mechanism by which minocycline regulates excessive inflammation in sepsis by mTOR suppression subsequently induced autophagy.

In conclusion, our result demonstrated that LPS stimulates THP-1 cells to induce TNF-*α*, which subsequently triggers inflammation and induces autophagy. The two major stress response pathways, the NF-*κ*B pathway and autophagy flux, interact in modification of inflammatory response. Minocycline inhibits mTOR and induces autophagy, which subsequently inhibits cytokine production and cell proliferation in LPS-stimulated THP-1 cells, which brought a novel clue to evaluate minocycline using as a potential therapeutic drug for sepsis.
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![Minocycline suppressed cytokine and chemokine production in LPS-stimulated THP-1 cells in dose-dependent and time-dependent manner. (a, b) THP-1 cells were stimulated with LPS (1 *μ*g/ml) alone or LPS and (10-100) *μ*g/ml minocycline for 4 h (^∗∗^*p* \< 0.01 vs. control; ^▲^*p* \< 0.05, ^▲▲^*p* \< 0.01 vs. LPS). (c, d) THP-1 cells were stimulated with LPS (1 *μ*g/ml) alone or LPS and 50 *μ*g/ml minocycline for 1, 2, 4, or 12 h (^∗^*p* \< 0.05; ^∗∗^*p* \< 0.01). (e, f) The relative cell viability of THP-1 cells stimulated with minocycline or LPS and minocycline for 24 h (^∗^*p* \< 0.05 vs. control). The concentration of TNF-*α* or IL-8 in the supernatants was measured by ELISA. Data were represented as the mean ± S.D. (*N* = 3). Mino: minocycline.](BMRI2020-5459209.001){#fig1}

![LPS-induced autophagy was mediated by TNF-*α* in THP-1 cells. (a) LPS-induced autophagy in a dose-dependent manner. THP-1 cells were treated with indicated concentration of LPS for 12 h. (b) THP-1 cells were treated with 1 *μ*g/ml LPS for 6, 12, or 24 h. (c) Effect of specific anti-TNF-*α* monoclonal antibody infliximab on LPS-induced autophagy. THP-1 cells were preincubated with 5 *μ*m infliximab for 1 h followed with 1 *μ*g/ml LPS for 12 h. (d, e, and f) Densitometric analysis of the blots showing the ratios of LC3-II to LC3-I. Data were represented as the means ± S.D. (*N* = 4, ^∗^*p* \< 0.05, ^∗∗^*p* \< 0.01 vs. control; ^▲^*p* \< 0.05 vs. LPS). IN: infliximab.](BMRI2020-5459209.002){#fig2}

![Minocycline induced autophagy in THP-1 cells. (a) Minocycline induced autophagy in a dose-dependent manner. THP-1 cells were treated with indicated concentration of minocycline for 12 h. (b) THP-1 cells were treated with 50 *μ*g/ml minocycline for 6, 12, and 24 h. (c) THP-1 cells were stimulated by 1 *μ*g/ml LPS followed with 50 *μ*g/ml minocycline for 12 h. (d) THP-1 cells were treated in the absence or presence of chloroquine (CQ, 20 *μ*M) for 1 h and then stimulated with 1 *μ*g/ml LPS without or with 50 *μ*g/ml minocycline for 12 h. (e, f, g, and h) The relative expression of the ratios of LC3-II to LC3-I. Data were represented as the means ± S.D. (*N* = 4, ^∗^*p* \< 0.05, ^∗∗^*p* \< 0.01 vs. control; ^▲^*p* \< 0.05, ^▲▲^*p* \< 0.01 vs. the corresponding group without CQ). Mino: minocycline; CQ: choroquine.](BMRI2020-5459209.003){#fig3}

![Minocycline suppressed phosphorylated mTOR in LPS-stimulated THP-1 cells. Western blotting was performed to assess the level of phosphorylated mTOR. (a) THP-1 cells were stimulated with 1 *μ*g/ml LPS for indicated time point. (b) Expression of p-mTOR relative to actin. (c) THP-1 cells were stimulated by 1 *μ*g/ml LPS followed with 50 *μ*g/ml minocycline for 12 h. (d) Expression of p-mTOR relative to actin. (e) The cooperative effect of rapamycin and minocycline to suppress TNF-*α* production in LPS-stimulated THP-1 cells. THP-1 cells were preincubated with 5 *μ*m rapamycin for 1 h followed by 1 *μ*g/ml LPS without or with 50 *μ*g/ml minocycline for 12 h. The concentration of TNF-*α* in the supernatants was measured by ELISA. Data represented as the means ± S.D. (*N* = 3, ^∗^*p* \< 0.05, ^∗∗^*p* \< 0.01 vs. LPS, ^△^*p* \< 0.05 vs. LPS+Rapa). (f) The cooperative effect of rapamycin and minocycline to suppress phosphorylated mTOR and induce autophagy. Western blotting analysis of p-mTOR and LC3 in cell lysate from different treatment groups. (g) Expression of p-mTOR relative to actin and the ratios of LC3-II to LC3-I. Data were represented as the means ± S.D. (*N* = 4, ^∗^*p* \< 0.05, ^∗∗^*p* \< 0.01, ^∗∗∗^*p* \< 0.001 vs. LPS, *^▲^p* \< 0.05, ^▲▲^*p* \< 0.01 vs. LPS+Rapa). Mino: minocycline; Rapa: rapamycin.](BMRI2020-5459209.004){#fig4}

![An intimate crosstalk between the NF-*κ*B pathway and autophagy flux in LPS-stimulated THP-1 cells. (a) THP-1 cells were preincubated with 5 *μ*m BAY11-7082 for 1 h followed by 1 *μ*g/ml LPS for the indicated time. NF-*κ*B and phospho-NF-*κ*B were assessed by western blotting. (b) Expression of phospho-NF-*κ*B relative to NF-*κ*B. Data represented as the means ± S.D. (*N* = 4, ^∗^*p* \< 0.05 vs. LPS 30′ or 60′). (c) BAY11-7082 significantly suppressed TNF-*α* production in LPS-stimulated THP-1 cells treated with minocycline. Data represented as the means ± S.D. (*N* = 3, ^∗∗∗^*p* \< 0.001). (d) THP-1 cells were preincubated with 5 *μ*m BAY11-7082 for 1 h followed by 1 *μ*g/ml LPS with or without minocycline for 12 h. LC3s in cell lysate from different treatment groups were assessed by western blotting. (e) Expression of LC3-II relative to LC3-I. Data were represented as the means ± S.D. (*N* = 3, ^∗^*p* \< 0.05 vs. LPS, *^▲^p* \< 0.05 vs. LPS+Mino). (f) THP-1 cells were preincubated with 5 *μ*m BAY11-7082 or 20 *μ*M CQ for 1 h followed with 1 *μ*g/ml LPS for 12 h. NF-*κ*B and LC3 were assessed by western blotting. (g) Expression of LC3-II relative to LC3-I and NF-*κ*B relative to actin. Data were represented as the means ± S.D. (*N* = 3, ^∗^*p* \< 0.05, ^∗∗^*p* \< 0.01). BAY: BAY11-7082; Mino: minocycline; Ctrl: control; CQ: chloroquine.](BMRI2020-5459209.005){#fig5}

![The cooperative effect of rapamycin and minocycline inhibited cell proliferation in LPS-stimulated THP-1cells. (a) THP-1 cells were stimulated by LPS with concentration from 0.1 to 10 *μ*g/ml for the indicated time. (b) THP-1 cells were treated with minocycline with the concentration from 0.5 to 50 *μ*g/ml for the indicated time. (c) THP-1 cells were treated with 1 *μ*g/ml LPS and 50 *μ*g/ml minocycline for the indicated time. (d) THP-1 cells were preincubated with 5 *μ*M rapamycin for 1 h, followed with 1 *μ*g/ml LPS and 50 *μ*g/ml minocycline for the indicated time. Cell proliferation was assessed by WST-1 assay and expressed as the percentage of viability compared to control. Data were represented as the means ± S.D. (*N* = 3, ^∗^*p* \< 0.05, ^∗∗^*p* \< 0.01).](BMRI2020-5459209.006){#fig6}

![Scheme of minocycline-induced autophagy and inflammatory suppression in LPS-stimulated THP-1 cells. LPS induces mTOR activation, resulting in cell proliferation and autophagy inhibition. Simultaneously, LPS induces activation of the NF-*κ*B signal pathway and induces the expression of TNF-*α*, which is the dominant pathway and ultimately results in activation of autophagy. Minocycline inhibits mTOR and enhances induced autophagy, resulting in inhibition of inflammatory cell proliferation and inflammation suppression. Rapamycin (Rapa) inhibits mTOR, resulting in inhibition of autophagy and inflammatory cell proliferation. BAY inhibits NF-*κ*B, resulting in inhibition of TNF-*α* and autophagy. And infliximab inhibits TNF-*α*, resulting in autophagy inhibition. Conversely, CQ inhibits autophagy flux, resulting in suppression of NF-*κ*B expression.](BMRI2020-5459209.007){#fig7}
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